CAPILLARY RESISTANCE IN MONGOLISM
L. A. KERWOOD, M.D.l One of the most common causes of mental defect is Mongolism named by Langdon Down and later called generalized foetal dysplasia (Penrose 1949) .
This group, most of whom function at the imbecile or idiot level of intelligence, constitute approximately 5% of all cases of institutionalised defective-In the Ontario Hospital School Smiths Falls-7.4% of the male and 5.9% of the female patients are of this type (out of a total of 1,274 patients).
The absolute' incidence of this congenital condition at birth is not known but results of surveys by Jenkins (1933) and Malpas (1937) show that it is of the order of one in 600-700 births.
It is obvious from the above facts that this condition is one of great importance socially and economically quite apart from its inherent medical and biological interest. Shuttleworth (1909) (quoted from Brousseau), held the view that" ... they are in fact unfinished children, and their peculiar appearance is really that of a phase of fetal life . . . that some cause has depressed the maternal powers, and there has been a deficiency of formative force... Nearly one half of these children are the last born of a large family and in one third a pthisical history has been traced ... " This view is of considerable interest for there is evidence that there has been a continued disturbance of development in fetal life at reasonably well defined times. It is also of interest because he mentions that the children came at the end of the child bearing period and the only definitely established etiological factor in the production of Mongolism is that of increased maternal age. Between the ages of 20-30 the risk of a mother having an affected child is rather less than 1 in 2,000 but thereafter, in each quinquenium, the risk is nearly three times that in the preceding period, . The mechanism whereby increased maternal age brings about the development of this condition is not known. Jenkins (1933) , quoted by Penrose (1950) , drew attention to similarities in animal genetics where maternal age has an affect on the manifestation of hereditary conditions (e.g. polydactyly in guinea pigs) and Penrose (1940) suggested that a process similar to antigenic incompatibility might be possible, immunity developing with greater ease in maturer than in younger maternal tissues; but also cautioned that the process need not necessarily be a pathological one since the maternal foetal reaction could be similar to that seen in fraternal twins, which also occured at a late maternal age.
Oster (1953) notes the onset of the menopause occurred at a markedly later date in many mothers of Mongols than in the general Danish population and it has been noticed by many observers that affected children are frequently conceived after cessation of the menses.
The influence of hereditary factors has been summarised by who has made the observation that in cases where the mother has near relatives who have produced affected offspring the maternal age at birth of the affected child is lowered, when compared with cases containing no near relative affected or those in which the relative affected is on the father's side. In discussing the influence of hereditary factors, Penrose summarises the position as follows: "The familial incidence is low, but the tendency of some mothers to be predisposed to have affected offspring seems demonstrable.
An interesting feature of this condition is the occasional appearance in mothers, sibs and near relatives-so-called micro-symptoms, e.g. fissured tongues; lSupt. Woodlands School, New Westminster. B.C. transverse palmar lines; high cephalic index; incurved little finger and special types of dermal ridge configurations on the hands and feet which are commonly associated with Mongolism. Turpin & Caratzali (1933) observed that 8.5% of parents and 6.4% of sibs had "fissured tongues"-seen in 20-90% of Mongols above 5 years of age but only in 1% of the general population. Turpin, Lejeune (1954) noted that transverse palmar flexion creases (present in 67% of cases and only .9% of general population,) occurred in 10% of mothers, 3.3% of fathers and 6.3% of sibs.
Unfortunately, however, many of these micro-symptoms are secondary affects, (e.g. the persistent plica foetalis due to relative smallness of the nasal bones) and many tend to vary according to the age at which the affected child is seen; some, like the tongue changes, not being present (or clearly seen) until late in infancy and others, like the plica foetalis, tending to disappear with advancing age.
Also such features as fissured tongues may be of different type and pathology and estimations as to the degree of fissuring and the presence of transverse palmar lines are largely dependent upon subjective assessment.
However, three objective measurements have been recorded: 1) the number of ridges between the a and b triradius (Fang 1950) :2) the presence of the third interdigital pattern, (Fang, 1950) , and 3) that of the angle subtended at the triradius by the triradial points a and d (Penrose 1949 (Penrose -1950 . These measurements show, in the near relatives of Mongols, above chance deviations in the direction of the values found in cases of Mongolism.
There thus appears to be evidence that near relatives of Mongols show tendencies towards some of the associated defects seen in the patients.
It is interesting that the dermal ridges are subserved by a double row of capillary tufts which duplicate their pattern in the dermis. Examination of these capillary arrangements in relationship to ridges and creases is currently being undertaken by the author.
Study of cases seems to show that there has been a disturbance in growth which takes place early in development. Ford and Frumkin (1942) found evidence on the configuration of dermal ridges which, according to Cummins and Midlow (1943) , take on their permanent patterns between the third and fourth month. Ingalls, T. H. (1954) states that cleft palate occurs more frequently than chance expectation in Mongols and notes that fusion of the palate occurs at about the third month. He states that towards the end of the third month the nasal bones, (usually markedly underdeveloped in Mongol infants) are appearing and that the cardiac septum, frequently imperfectly fused, closes normally between the 12th and 14th week. The primordial middle phalanx of the fifth digit buds off between and proximal and distal phalanges in the 8th week. This phalanx is often much reduced in size and may be completely missing in affected children.
Benda insists that there is a constant anomaly of angulation in the basilarsphenoid junction and suggests that this implies retardation of development between the 42nd and 57th day.
He also notes persistence of the foetal configuration of. the central canal of the spinal cord; normally it assumes definite shape and size by the fourth month.
Lowe (1949) in an extensive investigation of the eyes in Mongolism described characteristic arcuate lens opacities, due, he believes to abnormal hypoplastic capillaries, which are formed at 8t weeks. He notes that the characteristic speckled iris is also due to vascular disturbance and suggests that "the disturbance which produces the abnormalities in the vascular system could probably determine anomalies in other developing structures. The cause of this disturbance is probably the cause of Mongolism itself." He also mentions the interesting fact that the eyes were surprisingly little affected during the vulnerable organogenetic period and that cases showing anopthalmos, micropthalmos, orbital cysts or choroidal colobomata were "unexpectedly rare".
Evidence so far presented shows that the process involved affects many developing systems and must extend over a considerable period of foetal development, i.e. from anomalous basi-sphenoid at six weeks through to the fixation of the dermal ridges, (end of 16th week).
Penrose has recently postulated that the foetus requires some substance necessary for growth during the first 12 weeks and that the need for this substance varies with its own genetic constitution and further that the maternal needs for this substance are similarly determined. He continues, " ... The substance, 'X', of which there is a deficit (or excess) . .. could be a growth promoting (or retarding) hormone or vitamin ... " and mentions the work of Giroud (1954) and others on the critical requirements of pregnant animals for various vitamins to ensure the production of normal offspring.
Studies of encephalomalaca in chicks due to vitamin E deficiency, Henrik Dam (1943) , are of interest particularly as hyaline thrombosis of capillaries are the primary cause of resultant necrosis.
It appears therefore likely that there is a period during which some substance (such as Penrose postulates) is present in the foetus in critical concentration, and that this substance will permit the development of organs which are in a certain stage of development (or, if toxic, inhibit them).
Various organs are susceptible to the substance to differing degrees dependent upon the genetic constitution of the individual. It appears that in some developing organisms the adverse environment persists for a sufficiently short time or is sufficiently mild that no serious pathology is produced and the only evidence of there having been such a potentially damaging. process is seen in changed characteristics of the dermal patterns or a tendency to produce a fissured tongue or the abnormally long persistence of the plica foetalis or other microsymptoms.
In some cases, however, the damage is irreversible, as in the production of arcuate lens opacities, hypoplasia of the cerebellum and pons and lack of differentiation of the cell layers of the cortex, and, as well as producing various minor effects, a permanently disabled foetus results which is ultimately born as a Mongol.
It is of interest to determine whether the Mongol is a result of noxious influences which are temporally the same as those which occur in his more fortunate sibs, who escape the full damaging effect; or whether it is a question of intensity which matters. A careful search for co-relations of symptomatology in patients and of micro-symptoms in sibships is being explored with this end in view. In this context it is interesting to note that, according to most observers, there are constant defects in the teeth in Mongols which are abnormal in shape and size or entirely missing. Whether dental defects are common in sibs and parents I do not know -they have not been, so far as I know, ever mentioned. This may be significant because the process of ossification begins at the fifth month and thus it appears possible that in the Mongol the 'pathological' environment continues longer -it may of course be more intense also.
We have already noted that in the case of the eye and lens defects there is evidence of defective capillary formation; in the development of the teeth it is noted that as a preliminary to the definitive shape of the tooth being laid down numerous capillaries are formed, as indeed they must be in order to supply increasing nutrients (and remove possible toxic metabolities) wherever there is an acceleration of growth.
It would appear possible that the site of action of the disturbance might well be at the capillary tissue fluid level; that either the capillaries, in specific sites, are abnormal or that the mechanism for diffusion of essential metabolites (or toxic products) was defective. Lowe suggests that the capillaries are implicated in the developing lens and iris and it is interesting to note that many other anomalies occur during the 'neofoetal' period when placentation is being established. The placenta, essentially a capillary mechanism, might be involved.
Oster (1953) noted that in 71 cases of Mongol birth the placenta was reported as "loose and patchy" in 11. In 12 there were found "tattered membranes or rupture" and in 10 white infarcts were seen. He notes, however, having dismissed these findings as "not arguing in favour of the view that poor blood supply to the embryo is the cause of the defect," that "the stated reports constitute ... routine descriptions ... but do not give an account of the results of thorough systematic investigations."
Such investigations may well be worth undertaking.
The disturbance of growth continues after birth of the affected child.
A post natal development of great interest is seen in the tongue which at birth is usually reported as normal. During the first two years of life rounded raised swellings develop, at first at the tip and on the lateral margins and later progressing backwards over the anterior 2/3. There are so-called "hypertrophic fungiform papillae" thought to be due to tongue-sucking. Microscopy during life and serial photography studied here show that actually these swellings are small 'islands' of filiform papillae which progressively lose their horny epidermal covering and appear translucent and oedematous. In these elevations large leashes of capillaries may easily be seen and they appear distended and irregular in outline. It is interesting at this point to note that the mother and sister of a case here both have fissured and hypertrophied tongues and that these developed at about the lIth or 12th year of life.
The capillaries of the skin-nail fold were studied in Mongols by Powdermaker (1929) who noted that they were abnormal in shape and that the sub capillary venules were primitive in character.
Examination of subjects here confirms her findings. A common form of capillary loop seen in these patients is an irregular open loop with many tortuosities which is but rarely seen in normal controls, (Bosley, G. M., 1955) .
Examination of mothers and sibs for this pattern is currently being planned. Whilst doing venupuncture on some Mongol children I noticed that multiple petechial haemorrhages were produced shortly after the tourniquet was applied, a phenomenon which I had not observed in other patients. I felt that an examination of the capillary resistance might be of interest. Accordingly the following investigation was undertaken:
Method
The negative pressure method for determining capillary resistance was the same as that used by Robson & Duthie (1950) (1), and was based on the method of Scarborough (1941) (3). The apparatus, with a perspex cup with inside diameter of 20 rnm, and incorporating a xl0 lens and an endoscope bulb, was constructed according to details supplied by Robson & Duthie in their article.
The value of capillary resistance was arbitrarily expressed as the negative pressure which, when applied to the skin for thirty seconds, produced between one and ten haemorrhagic petechiae, observed under the lens. Since, in agreement with Robson & Duthie, it was found that when a certain negative pressure produced ten petechiae, a negative pressure of 50 mm Hg less produced none or one, it was decided for comparative purposes to modify our results by subtracting 10 for every two petechaie above one from the pressure recorded in mm Hg. For example, a pressure of 200 mm Hg producing 3 petechiae was taken as a critical petechial pressure of 190 mm Hg. The pressure required to produce between one and ten small haemorrhages was found by trial and error tests in immediately adjacent areas of skin by increasing or decreasing the applied pressure by 50 mm Hg according to the result obtained in the previous trial. Estimations were made on the volar aspect of the left forearm, in both the lateral and medial regions one inch below the flexure of the elbow.
In spite of the fact that there are a great number of nutritional hormonal, physical and chemical factors which alter the capillary fragility it was decided to investigate the problem in a series of institutional patients. This series was composed of 28 male and 18 female patients who were resident in Cell-Barnes Hospital, Hertfordshire. These patients investigated were free of gross physical infection and had no evidence of pulmonary tuberculosis seen on x-ray during the last year before the examination. They were all receiving a diet adequate in calories and vitamins and were all receiving supplementary ascorbic acid, (50 mgms pr day), for a minimum of a month before the examination took place. Examinations were done at the same hour each day and were complete within two weeks. None of the patients were unduly apprehensive and they all cooperated well. The control group were 30 male and female nursing staff in a nearby hospital. (Figures were kindly supplied by Mr. Feetham) .
The patients examined were 18 female and 28 males. The mean age for the female patients was 17.5 years with a range of 2 to 36 years.
There were 28 male cases with a mean age of 17.5 with a range of 5 to 45 years.
The control group comprised of 30 males with a mean age 41.3 and an S.D. of 7.5 and 30 females with an average age of 36.6, S.D. of 10.8.
Results
According to authorities on the subject there is little change in capillary fragility after the first few months of life and figures given by Dolldorf (1933) show no significant variation with age between the fifth year of life and 65 years. No effect of age could be seen in the groups studied as is apparent from tables I and II. Accordingly it se.ems reasonable to compare our cases and the control group. There did not appear to be any difference dependent upon the sex of the subjects as will be seen from table III. Table IV showing the negative pressure (in millimeters of mercury) producing petechial haemhorrage on the forearm, volar aspect III 18 female Mongols. Table V showing the negative pressure (in mms of mercury) producing petechial haemhorrage on the forearm, volar aspect in 2 male Mongols.
As will be seen from the tables there is a significant reduction in the negative pressure required to produce petechial haemorrhage on the volar aspect of the forearm in both male and female Mongols. There does not appear to any obvious relationship to age or sex.
Summary
The incidence of institutional samples and the frequency of birth of mongolism is mentioned. A brief review of hypotheses concerning the possible etiology and genetic factors which may be implicated in this disorder. Mention is made of the appearance of microsymptoms in relatives with particular reference to dermatoglyphic patterns. The difficulty of making objective measurements of some of the associated defects is noted. The work of Ingalls on the temporal aspects of the growth disturbances is mentioned. Lowe's observations on the characteristic lens opacities and speckled irides and his suggestion that an underlying vascular disturbance is likely to be responsible for these findings are noted. Attention is drawn to his observation of the rarity of defects which would suggest disturbance during the organo-genetic period. A suggestion is made that the causation of mongolism must be temporarily extended over a considerable period of foetal development, and Penrose's postulate for foetal requirements of "x" substance is quoted.
Experiments with maternal avitaminosis are mentioned. It is suggested that there may be disturbance of growth due to abnormalities in transfer of substances to and from the capillary system to the surrounding tissue fluids. It is suggested that the so-called hypertrophic fungiform papillae of the tongue are a post-natal development due to localized oedema and it is postulated that this may be associated with capillary abnormalities. A clinical observation that petechial haemorrhages occur readily in mongolian children is noted and the results of an experiment measuring the resistance of the capillary wall to negative 'Pressure is described. The results of these experiments demonstrate a significant reduction in capillary resistance in male and female institutionalised mongols and some suggestions are made as to further studies.
Resume
L'auteur etablit l'incidence du mongolisme dans les institutions et la frequence des naissances de sujets mongols et fait une breve revue des hypotheses etiologiques et des facteurs genetiques qui semblent s'appliquer acette entire. La presence de symptomes mineurs chez les parents est signaIee, particulierement des manifestations "dermatoglyphiques". II est difficile de mesurer avec precision un certain nombre de troubles associes, Le travail de Ingalls mentionne les retards de croissance. Lowe a observe des opacites caracteristiques du cristallin et des taches de l'iris et a emis l'hypothese qu'un trouble vasculaire est probablement responsable de ces anomalies. II y a peu de symptomes qui suggerent un trouble de la periode organogenetique. La condition causale du mongolisme agirait durant une importante periode du developpement fetal. II est a retenir que Penrose a postule une substance inconnue pour Ie developpement de cette entire morbide.
Des etudes stir l'avitaminose chez la mere ont ete faites. Une hypothese voudrait que Ie trouble de croissance soit dli ades anomalies dans Ie cheminement des substances dans les deux sens, du systeme capillaire aux liquides baignant les tissus. L'hypertrophie fungiforme des papilles de Ia langue se developperait apres la naissance acause d'un edeme localise, dli aune anomalie capillaire associee.
L'observation clinique revele la presence d'hernorragie petechiale chez les enfants mongols et l'experimentation a demontre Ie comportement des parois capillaires soumis aune pression negative, soit une diminution importante de la resistance capillaire chez les mongols masculins et feminins hospitalises, L'auteur offre des projets d'etude subsequents.
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